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Tuberculosis remains amajor public health problem inZambia.While human to human transmission ofMycobacterium tuberculosis
is of major importance in driving the tuberculosis epidemic, the impact ofMycobacterium bovis transmission from infected cattle
is largely unknown. This cross-sectional study aimed at molecular characterization of M. bovis in humans and cattle. A total of
100 human sputum samples and 67 bovine tissues were collected and analyzed for the presence of mycobacteria. Of 65 human
samples that harbored acid fast bacteria (AFB), 55 isolates were obtained of which 34 were identified as M. tuberculosis and 2 as
M. bovis. AFB-positive bovine samples (𝑛 = 67) yielded 47 mycobacterial isolates among which 25 were identified asM. bovis and
no M. tuberculosis was found. Among the M. bovis isolates, spoligotyping revealed a high homogeneity in genotypes circulating
in Namwala district. Human and cattle isolates shared identical MIRU-VNTR genotypes, suggesting that transmission between
the two hosts may occur. Therefore, this study has documented zoonotic TB in human patients in Namwala district of Zambia.
However, further molecular epidemiological studies in the study area are recommended.
1. Introduction
Mycobacterium tuberculosis is the most common cause of
tuberculosis (TB) in humans but an unknown proportion
of cases are due to Mycobacterium bovis. M. bovis is mainly
responsible for bovine tuberculosis (bTB) in cattle and in a
wide range of both domestic and wild animals. It is also a
known cause of zoonotic tuberculosis in humans, which can
appear indistinguishable with regard to pathogenesis, lesions,
and clinical findings to that caused by M. tuberculosis [1, 2].
M. bovis shows a high degree of virulence for both humans
and animals [1].
The WHO reported in 1998 that 3.1% of TB in humans
worldwide is attributable to M. bovis and that 0.4–10% of
sputum isolates from patients in African countries could
be M. bovis [3]. Zoonotic TB is now acquiring increasing
recognition in developing countries, including Zambia, as
animals and humans share the same environment [4]. This
has also prompted researchers to evaluate its impact on
human health, particularly among the pastoral communities.
In Uganda, Oloya et al. (2008) found a prevalence rate of 7%
M. bovis in humans suffering from cervical lymphadenitis
in a pastoral community in the Karamoja region [5], while
a study conducted in Tanzania in 2001 on human patients
with cases of lymphadenitis reported that 16% of the cases
were due toM. bovis [6]. In Zaire (now Democratic Republic
of Congo), M. bovis was isolated from gastric secretions in
two of five patients with pulmonary TB [7]. Isolation of
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M. bovis from sputum samples of patients with pulmonary
TB has also been reported from Nigeria in which 3.9% of
M. tuberculosis complex (MTC) isolates were M. bovis [8].
In a more recent study, Gumi et al. (2012) found a link in
the transmission of TB between livestock and pastoralists of
South East Ethiopia [9]. Zoonotic TB is therefore a public
health threat in developing countries [10]. It is, however,
important to differentiate M. tuberculosis from M. bovis to
warrant good patient management with regard to treatment
regimen [11, 12].
The tracing of routes of transmission of TB is equally
important in the control of the disease. Therefore, the need
for molecular techniques permitting molecular typing and
differentiation of isolates is evident. These tools can help to
determine the origin of outbreaks, show the relationships of
TB in domestic and wild animals, and identify the sources
of human infection [13]. Bovine TB has been reported to be
endemic in traditional livestock and in wildlife in Namwala
district [14–16]. It has, however, been speculated that zoonotic
TB could occur in humans based on the cultural activities
of the people in this area such as consumption of raw milk
[17, 18]. This study aimed at molecular identification of M.
bovis in humans and cattle as well as documentation of its
zoonotic significance in Namwala district of Zambia.
2. Material and Methods
2.1. Ethics Statement. Thestudywas approved by Institutional
ReviewBoard (ERES converge IRB) ethical review committee
(ref. number: 2012-Mar-001) and permission to perform the
study in the district was obtained from the District Medical
Officer (DMO) and the Provincial VeterinaryOfficer through
the District Veterinary Officer. All human study subjects
provided informed written consent either in English or the
local language.
2.2. Study Site. Namwala district is situated in the southern
province of Zambia. It covers an estimated total area of
about 10,000 square kilometers and lies between latitudes
15 and 17∘ S of the equator and longitude 25 and 27∘ E. The
greater expanse of its traditional land is covered by the Kafue
flood plains, which offer nutritive varieties of rich lush green
grass for both cattle and wildlife for a greater part of the
year than the surrounding Savannahwoodlands, and support
close to 300,000 cattle [19] and about 102,000 humans [20].
Agriculture is themain economic activity, andmajority of the
people keep livestock. Humans and animals commonly share
the same microenvironments and water points, especially
in dry seasons and during years of droughts [18]. Sputum
samples were collected from humans at three satellite health
facilities: the Central Namwala District Hospital, the Maala
Rural Health Centre, and the ChitoongoRural Health Centre.
Sampling from cattle carcasses was performed at one of the
two districts commercial abattoirs.
2.3. Study Design. The study was designed as a cross section
study. Suspected TB patients seeking medical attention at
the Central Namwala District Hospital, the Maala Rural
Health Centre, and the Chitoongo Rural Health Centre
comprised the target population for the human study. For the
cattle study, the target population comprised cattle carcasses
showing gross tuberculous-like lesions at meat inspection
at one of the two abattoirs in the Namwala district. Our
sampling therefore was purposive, where subjects are selected
based on the above described characteristics in order to
increase the chances of isolating M. bovis. The cattle that
were slaughtered at the abattoir were drawn from the villages
where patients seeking medical attention at the three health
facilities came from.
2.4. Human Samples. From April 2011 to July 2012 a total
of 150 suspected pulmonary TB patients seeking medical
attention at the three sampling sites were screened. The
suspected pulmonary TB patients were patients who had
a cough of more than two weeks; they also reported loss
of appetite and night sweats. However, only 110 patients
submitted the sputum samples. Ten sputum samples were
discarded due to poor quality leaving 100 samples for further
processing. After routine microscopy by the Ziehl-Neelsen
staining method, samples containing acid fast bacilli (AFB)
were stored in cetylpyridinium chloride (Difco, Detroit,
MI) transport medium and kept at ambient temperature at
Namwala District Hospital. All samples were then taken to
the Chest Diseases Laboratory where they were decontam-
inated and cultured on duplicate Lowenstein-Jensen media
(one containing glycerol and the other pyruvate) (BD BBL;
Franklin Lakes, NJ, USA) as described by Vestal and Kubica
[21]. Culture tubes were incubated at 37∘C and read weekly
for growth for at least eight weeks. Successfully grown
cultures were transported to University of Zambia, School
of Veterinary Medicine, for storage and onward shipment
of isolates to the Norwegian Veterinary Institute in Oslo for
further analysis.
2.5. Cattle Samples. From April 2011 to June 2012, a total
of 288 slaughtered cattle at one of the two abattoirs were
examined, of which 67 had lesions compatible with bTB
and were sampled. It should be noted here that the animals
from which samples were obtained were being processed
as part of the routine work of the abattoir. A set of tissues
from each carcass were homogenized with sterile sand and
distilled water then decontaminated with 4% NaOH for
30min [22] and centrifuged at 3500 rpm (1068×g) for 30min.
The sediments of these decontaminated homogenates were
inoculated in duplicate, one on Stonebrink with pyruvate
and the other on Middlebrook 7H10 (BD Diagnostics, MD)
slants, and incubated aerobically at 37∘C for 8 weeks with
weekly observation. Isolates were identified asM. tuberculosis
complex by staining for acid alcohol-fastness.
2.6. DNA Extraction and Purification. Mycobacterial colo-
nies grown on solid media were harvested as a loop full
of colony material, suspended in 200𝜇L of molecular grade
water, and heated at 95∘C for 20 minutes. The heat killed
cells were then cooled and the DNA was purified using the
NucliSENS easyMAG automated machine, according to the
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manufacturer’s protocol (Biomerieux, The Netherlands). The
DNA was stored at −20∘C for further analysis.
2.7. Identification ofMycobacteria. All isolateswere examined
by IS6110 real time PCR as described by Agdestein et al.
[23]. IS6110 is considered specific for the M. tuberculosis
complex (MTC) and the real time PCR was used as a
screening test to identify isolates belonging to the MTC [24].
The standard multiplex PCR amplification of the genomic
region of difference was performed as described [25] at the
NorwegianVeterinary Institute. A set of primers targeting the
RD1, RD4, RD9, and RD12 regions were used.This generated
a deletion profile that allowed speciation of the isolate.
2.8. Spoligotyping and MIRU-VNTR. Spoligotyping was per-
formed as previously described byKamerbeek et al. [26] at the
University of Zambia, repeated at the Norwegian Veterinary
Institute, and confirmed at Genoscreen in Lille, France.
Spoligotyping and MIRU-VNTR were done only on M.
bovis isolates from humans and cattle. The variable-number
tandem repeat (VNTR) method based on nine targeted loci
(ETR-A, ETR-B, ETR-D, QUB 11a, QUB 11b, QUB 3232,
QUB 26, MIRU 26, and MIRU 31) as recommended by the
European reference Laboratory (EURL lab) forM. bovis was
used. The analysis was carried out as described [27], and
primers previously reported were used to amplify the ETR-
A and ETR-B loci [28], VNTR 580 and VNTR 2461 loci
[29], and QUB 3232, QUB 11a, QUB 11b, and QUB 26 loci
[27]. To detect differences in repeat numbers, the size of the
PCR products in base pairs was determined using the Agilent
Bioanalyzer (Agilent Technologies, CA, USA).
2.9. Data Assembly and Analysis. Spoligotyping data in
binary form from Genoscreen and the MIRU-VNTR data
generated at the Norwegian Veterinary Institute were entered
and validated in Excel©2007. These were then copied into the
SpolDB4.0 [30] database to establish the lineage, sublineage,
and spoligotype international types (SIT) designations and
also in Bionumerics 6.1 soft for cluster analysis using the
unrooted UPGMA tree.
The allelic diversity (ℎ) for each locuswas calculated using
the method described by Selander et al. [31].The formula ℎ =
1 − Σ𝑥𝑖
2
[𝑛/(𝑛 − 1)], where 𝑥 is the frequency of the 𝑖th allele
at the locus, 𝑛 is the number of isolates in the analysis, and
𝑛/(𝑛−1) is the correction factor for bias in small samples.The
discriminatory power (DI) was computed using the Hunter-
Gaston discrimination index [32].
3. Results
3.1. Identification. In humans, out of the 100 sputum samples,
65 were found to contain AFB.Mycobacteria were detected in
55 samples, and based on IS6110 real time PCR and deletion
analysis, 36 isolates belonged to the MTC. Two isolates were
identified asM. bovis and 34 wereM. tuberculosis.
In cattle carcasses, AFBwas detected in 67 tissue samples,
while live mycobacteria were detected by culture from 47
samples. Based on IS6110 real time PCR and deletion analysis,
25 isolates belonged to MTC and were identified asM. bovis.
3.2. Molecular Characterization Based on Spoligotyping and
MIRU-VNTR. The total of 27M. bovis isolates was character-
ized by spoligotyping, 25 originating from cattle and 2 from
humans. They all showed identical profiles characterized by
absence of spacers 3, 9, 16, and 39–43, SB 0120/SIT 482. Based
on the 9-lociMIRU-VNTR, the 27 isolates were differentiated
into sixteen different patterns. One human isolate (H12) had
identical VNTR pattern with one cattle isolate (N2), while
the other human isolate belonged to the same cluster as nine
other isolates from cattle but never amplified at one locus
(2461) (Figure 1). There were only three clusters observed.
The largest cluster had ten isolates while the other two
had two each. The other thirteen were singletons (Figure 1).
Locus 2461 was not amplified in one isolate and showed
no discrimination while locus 2163b was not amplified in
one isolate and showed no discrimination. One locus 3232
showed no discrimination in all the isolates. Locus 2165 was
not amplified in one isolate but discriminated the isolates
fairly.Theother six loci, however, were amplified in all isolates
and showed good discrimination.
4. Discussion
This study reports the isolation of mycobacteria from cattle
and humans and also utilization of spoligotyping and 9-
loci MIR-VNTR typing to study the diversity and relatedness
of M. bovis isolates from humans and cattle in Namwala
district. We observed that infections by M. bovis and M.
tuberculosiswere prevalent in cattle and humans, respectively.
This is generally in agreement with what has been observed
regarding the host preference of these two members of MTC
[33]. However, two isolates of M. bovis were recovered from
human sputum, suggesting human exposure to zoonotic TB.
Based on the spoligotyping results, the SB 0120/SIT 482,
lacking spacers 3, 9, 16, and 39−43 in the hybridization
pattern, was the circulating strain revealed in this area. This
indicates that highly homogenous isolates of M. bovis are
circulating in both cattle and humans in the district. The
same spoligotype has been isolated from cattle in Algeria,
Brazil, France, South Africa, and Zambia [16, 34–37] and
from humans in Italy and Germany [38–40]. The isolated
spoligotype SB 0120 belongs to the BCG family but has
not undergone chromosomal deletion (RDAf1) as the one
observed in some parts of Africa, which is identified by the
absence of spacer 30 in the standard spoligotyping scheme
[41]. It is also different from the other observed in East
Africa which has undergone a chromosomal deletion of
RDAf2 and identified by the absence of spacers 3 to 7
[42]. However, combining spoligotyping with MIRU-VNTR
results, it has been established that the observed profiles could
be unique to Zambia. They are different from those observed
in other southern African countries such as South Africa and
elsewhere [43, 44].
Based on the 9-loci MIRU-VNTR, isolates were discrim-
inated into 16 different MIRU-VNTR profiles with three
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Figure 1: Clustering of representativeM. bovis isolates fromNamwala district in Zambia based on 9-loci MIRU-VNTR.The dendrogramwas
generated using Bionumerics 6.1 version software.
different clusters. The largest cluster had 10 isolates, followed
by two which had two isolates. The remaining isolates were
singletons. Six loci (0580, 2163a, 2996, 3192, 3232, and 4052)
did amplify in all the isolates and gave significant allelic
diversity index making them suitable for discrimination of
M. bovis in such a setup. Therefore, these loci discriminated
the isolates relatively well and corroborate with what was
found in studies done in South Africa and Spain [36, 44, 45].
Despite the close contact between humans and livestock in
the study area, including consumption of raw milk by the
local people, the observed M. bovis infection in people was
lower than what has been observed in other studies [6]. This
could be attributed to the type of sample utilized in the study.
Sputum was utilized as opposed to lymph node biopsy. M.
bovis is believed to be highly associated with extra pulmonary
TB [1, 6, 46]. In a study done in Uganda in which lymph
node biopsies were sampled, a high incidence ofM. boviswas
reported [5]. However, the present study shows thatM. bovis
is also responsible for pulmonary TB infections in humans
and is in agreement with what was observed elsewhere [3]. It
was observed in this study that, in Namwala district, human
and cattle share similar strains of M. bovis. This could be
seen in the identical spoligotype and MIRU-VNTR patterns
in one isolate from a patient and one isolate from cattle.
As mentioned, the likely human exposure in this context
is consumption of raw or soured cattle milk. This suggests
that M. bovis transmission between the species occurs. The
sharing of common M. bovis strains between human and
cattle observed in this study corroborates with what was
observed in a recent study done in pastoral region in Ethiopia
[9]. The clustering of the human isolates with cattle isolates
could mean that related isolates ofM. bovis are circulating in
the cattle and humans in the study area.
The present study has also shown that MIRU-VNTR
based on nine loci is a better tool than spoligotyping for
typing of M. bovis isolates; however, the loci showing no
discrimination between isolates as observed in this study
should be omitted in order to achieve a higher discriminatory
power. It has been observed elsewhere thatMIRU-VNTR is an
appropriate typing tool forM. bovis [47, 48].The use of 9 loci,
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instead of 24, was employed following recommendations by
the European Reference Laboratory (EURL) and the method
has shown to be a suitable alternative in resource strained
countries since it utilises few loci.
In conclusion, this study has documented zoonotic TB in
human patients in Namwala district of Zambia. Isolation of
M. bovis from human sputum suggests potential of human
to human infection, especially in closed populations such
as prisons. This study further demonstrates that zoonotic
TB is of public health significance in pastoral communi-
ties of Africa that demands interventions. Since M. bovis
infects both human and animal hosts, its control demands
an intersectoral approach between the medical and veteri-
nary professionals. With the growing global realization that
pathogens do not respect traditional epistemological divides,
the “One Health” initiative has emerged to advocate for
closer collaboration across the health disciplines and in this
particular case is being advocated for in the control of TB
infections in this area. The study has further shown that
MIRU-VNTR with these nine loci is a well-suited tool for
M. bovis typing in resource poor settings, as the case may
be in many African countries. However, further molecular
epidemiological studies with more discriminatory loci, a
larger sample size, and lymph node biopsies from human
subjects are recommended. Our study has reemphasized that
the choice of loci being recommended for the typing of M.
bovis in Europe may not be optimal in Africa and Namwala
district in particular.
Conflict of Interests
The authors declare that there is no conflict of interests
regarding the publication of this paper.
Acknowledgments
The authors are grateful to the field and laboratory technical
support in Zambia and also at the Norwegian Veterinary
Institute in Norway.
References
[1] G. Moda, C. J. Daborn, J. M. Grange, and O. Cosivi, “The zoo-
notic importance of Mycobacterium bovis,” Tubercle and Lung
Disease, vol. 77, no. 2, pp. 103–108, 1996.
[2] O. Cosivi, J. M. Grange, C. J. Daborn et al., “Zoonotic tuber-
culosis due to Mycobacterium bovis in developing countries,”
Emerging Infectious Diseases, vol. 4, no. 1, pp. 59–70, 1998.
[3] A. L. Michel, B. Mu¨ller, and P. D. van Helden, “Mycobacterium
bovis at the animal-human interface: a problem, or not?”
Veterinary Microbiology, vol. 140, no. 3-4, pp. 371–381, 2010.
[4] S. Malama, J. B. Muma, and J. Godfroid, “A review of tuber-
culosis at the wildlife-livestock-human interface in Zambia,”
Infectious Diseases of Poverty, vol. 2, p. 13, 2013.
[5] J. Oloya, J. Opuda-Asibo, R. Kazwala et al., “Mycobacteria
causing human cervical lymphadenitis in pastoral communities
in the Karamoja region of Uganda,” Epidemiology and Infection,
vol. 136, no. 5, pp. 636–643, 2008.
[6] R. R. Kazwala, C. J. Daborn, J. M. Sharp, D. M. Kambarage, S.
F. H. Jiwa, and N. A. Mbembati, “Isolation of Mycobacterium
bovis from human cases of cervical adenitis in Tanzania: a cause
for concern?” International Journal of Tuberculosis and Lung
Disease, vol. 5, no. 1, pp. 87–91, 2001.
[7] M. Mposhy, C. Binemo-Madi, and B. Mudakikwa, “Incidence
of bovine tuberculosis and its relation to the health of the
population of North Kivu (Zaire),” Revue d’Elevage et de
Medecine Veterinaire des Pays Tropicaux, vol. 36, no. 1, pp. 15–18,
1983.
[8] E. O. Idigbe, C. E. Anyiwo, and D. I. Onwujekwe, “Human
pulmonary infections with bovine and typical mycobacteria in
Lagos, Nigeria,” Journal of Tropical Medicine and Hygiene, vol.
89, no. 3, pp. 143–148, 1986.
[9] B. Gumi, E. Schelling, S. Berg et al., “Zoonotic transmission of
tuberculosis between pastoralists and their livestock in South-
East Ethiopia,” EcoHealth, vol. 9, pp. 139–149, 2012.
[10] W. Y. Ayele, S. D. Neill, J. Zinsstag, M. G. Weiss, and I. Pavlik,
“Bovine tuberculosis: an old disease but a new threat to Africa,”
International Journal of Tuberculosis and Lung Disease, vol. 8,
no. 8, pp. 924–937, 2004.
[11] L. Sangare´, S. Diande´, G. Badoum, B. Dingtoumda, and A. S.
Traore, “Anti-tuberculosis drug resistance in new and previ-
ously treated pulmonary tuberculosis cases in Burkina Faso,”
International Journal of Tuberculosis and Lung Disease, vol. 14,
no. 11, pp. 1424–1429, 2010.
[12] S. Shenai, C. Rodrigues, and A. Mehta, “Rapid speciation of 15
clinically relevant mycobacteria with simultaneous detection of
resistance to rifampin, isoniazid, and streptomycin inMycobac-
terium tuberculosis complex,” International Journal of Infectious
Diseases, vol. 13, no. 1, pp. 46–58, 2009.
[13] N. Haddad, M. Masselot, and B. Durand, “Molecular differ-
entiation of Mycobacterium bovis isolates. Review of main
techniques and applications,” Research in Veterinary Science,
vol. 76, no. 1, pp. 1–18, 2004.
[14] S. Malama, T. B. Johansen, J. B. Muma, S. Mwanza, B. Djonne,
and J. Godfroid, “Isolation and molecular characterization of
Mycobacterium bovis from Kafue lechwe (Kobus leche kafuen-
sis) from Zambia,” Tropical Animal Health and Production, vol.
46, no. 1, pp. 153–157, 2013.
[15] M. Munyeme, J. B. Muma, V. M. Siamudaala, E. Skjerve, H.
M. Munang’andu, and M. Tryland, “Tuberculosis in Kafue
lechwe antelopes (Kobus leche Kafuensis) of the Kafue Basin
in Zambia,” Preventive Veterinary Medicine, vol. 95, no. 3-4, pp.
305–308, 2010.
[16] M. Munyeme, L. Rigouts, I. C. Shamputa et al., “Isolation and
characterization of Mycobacterium bovis strains from indig-
enous zambian cattle using spacer oligonucleotide typing tech-
nique,” BMCMicrobiology, vol. 9, article 144, 2009.
[17] A. J. C. Cook, L. M. Tuchili, A. Buve, S. D. Foster, P. Godfrev-
Faussett, and G. S. Pandey, “Human and bovine tuberculosis in
the monze district of zambia—a cross-sectional study,” British
Veterinary Journal, vol. 152, no. 1, pp. 37–46, 1996.
[18] A. M. Phiri, “Common conditions leading to cattle carcass and
offal condemnations at 3 abattoirs in the Western Province of
Zambia and their zoonotic implications to consumers,” Journal
of the South African Veterinary Association, vol. 77, no. 1, pp. 28–
32, 2006.
[19] M. Munyeme, J. B. Muma, H. M. Munang’andu, C. Kankya, E.
Skjerve, and M. Tryland, “Cattle owners’ awareness of bovine
6 Veterinary Medicine International
tuberculosis in high and low prevalence settings of the wildlife-
livestock interface areas in Zambia,” BMC Veterinary Research,
vol. 6, article 21, 2010.
[20] CSO, Zambia 2010 Census of Population and Housing, Central
Statistical Office (CSO), 2011.
[21] A. L. Vestal and G. P. Kubica, “Differential colonial characteris-
tics of mycobacteria onMiddlebrook and Cohn 7H10 agar-base
medium,” American Review of Respiratory Disease, vol. 94, no.
2, pp. 247–252, 1966.
[22] L. A. L. Corner, E. Gormley, and D. U. Pfeiffer, “Primary isola-
tion ofMycobacterium bovis from bovine tissues: conditions for
maximising the number of positive cultures,” Veterinary Micro-
biology, vol. 156, no. 1-2, pp. 162–171, 2012.
[23] A. Agdestein, T. B. Johansen, V. Polacˇek et al., “Investigation
of an outbreak of mycobacteriosis in pigs,” BMC Veterinary
Research, vol. 7, article 63, 2011.
[24] S. Niemann, T. Kubica, F. C. Bange et al., “The speciesMycobac-
terium africanum in the light of new molecular markers,”
Journal of Clinical Microbiology, vol. 42, no. 9, pp. 3958–3962,
2004.
[25] R. M. Warren, N. C. Gey Van Pittius, M. Barnard et al., “Differ-
entiation ofMycobacterium tuberculosis complex by PCR ampli-
fication of genomic regions of difference,” International Journal
of Tuberculosis and Lung Disease, vol. 10, no. 7, pp. 818–822,
2006.
[26] J. Kamerbeek, L. Schouls, A.Kolk et al., “Simultaneous detection
and strain differentiation of Mycobacterium tuberculosis for
diagnosis and epidemiology,” Journal of Clinical Microbiology,
vol. 35, no. 4, pp. 907–914, 1997.
[27] S. Roring, A. Scott, D. Brittain et al., “Development of variable-
number tandem repeat typing of Mycobacterium bovis: com-
parison of results with those obtained by using existing exact
tandem repeats and spoligotyping,” Journal of Clinical Microbi-
ology, vol. 40, no. 6, pp. 2126–2133, 2002.
[28] R. Frothingham and W. A. Meeker-O’Connell, “Genetic diver-
sity in the Mycobacterium tuberculosis complex based on vari-
able numbers of tandem DNA repeats,” Microbiology, vol. 144,
no. 5, pp. 1189–1196, 1998.
[29] P. Supply, E. Mazars, S. Lesjean, V. Vincent, B. Gicquel, and
C. Locht, “Variable human minisatellite-like regions in the
Mycobacterium tuberculosis genome,” Molecular Microbiology,
vol. 36, no. 3, pp. 762–771, 2000.
[30] K. Brudey, J. R. Driscoll, L. Rigouts et al., “Mycobacterium
tuberculosis complex genetic diversity: mining the fourth inter-
national spoligotyping database (SpolDB4) for classification,
population genetics and epidemiology,” BMCMicrobiology, vol.
6, article 23, 2006.
[31] R. K. Selander, D. A. Caugant, and H. Ochman, “Methods
of multilocus enzyme electrophoresis for bacterial population
genetics and systematics,” Applied and Environmental Microbi-
ology, vol. 51, no. 5, pp. 873–884, 1986.
[32] P. R. Hunter and M. A. Gaston, “Numerical index of the dis-
criminatory ability of typing systems: an application of Simp-
son’s index of diversity,” Journal of Clinical Microbiology, vol. 26,
no. 11, pp. 2465–2466, 1988.
[33] A. O. Jenkins, S. I. B. Cadmus, E. H. Venter et al., “Molecular
epidemiology of human and animal tuberculosis in Ibadan,
SouthwesternNigeria,”VeterinaryMicrobiology, vol. 151, no. 1-2,
pp. 139–147, 2011.
[34] N. Sahraoui, B. Mu¨ller, D. Guetarni et al., “Molecular char-
acterization of Mycobacterium bovis strains isolated from cat-
tle slaughtered at two abattoirs in Algeria,” BMC Veterinary
Research, vol. 5, article 4, 2009.
[35] N. Haddad, A. Ostyn, C. Karoui et al., “Spoligotype diversity
of Mycobacterium bovis strains isolated in France from 1979 to
2000,” Journal of Clinical Microbiology, vol. 39, no. 10, pp. 3623–
3632, 2001.
[36] B. Romero, A. Aranaz, A´. Sandoval et al., “Persistence and
molecular evolution of Mycobacterium bovis population from
cattle and wildlife in Don˜ana National Park revealed by geno-
type variation,”VeterinaryMicrobiology, vol. 132, no. 1-2, pp. 87–
95, 2008.
[37] P. M. Parreiras, G. I. Andrade, T. D. F. do Nascimento et al.,
“Spoligotyping and variable number tandem repeat analysis of
Mycobacterium bovis isolates from cattle in Brazil,”Memorias do
Instituto Oswaldo Cruz, vol. 107, no. 1, pp. 64–73, 2012.
[38] T. Kubica, S. Ru¨sch-Gerdes, and S. Niemann, “Mycobactetium
bovis subsp. caprae caused one-third of human M. bovis-
associated tuberculosis cases reported in Germany between
1999 and 2001,” Journal of Clinical Microbiology, vol. 41, no. 7,
pp. 3070–3077, 2003.
[39] N. Lari, N. Bimbi, L. Rindi, E. Tortoli, and C. Garzelli, “Genetic
diversity of human isolates ofMycobacterium bovis assessed by
spoligotyping and Variable Number Tandem Repeat genotyp-
ing,” Infection, Genetics and Evolution, vol. 11, no. 1, pp. 175–180,
2011.
[40] N. Lari, L. Rindi,D. Bonanni, E. Tortoli, andC.Garzelli, “Molec-
ular analysis of clinical isolates of Mycobacterium bovis recov-
ered from humans in Italy,” Journal of Clinical Microbiology, vol.
44, no. 11, pp. 4218–4221, 2006.
[41] B. Mu¨ller, M. Hilty, S. Berg et al., “African 1, an epidemi-
ologically important clonal complex of Mycobacterium bovis
dominant in Mali, Nigeria, Cameroon, and Chad,” Journal of
Bacteriology, vol. 191, no. 6, pp. 1951–1960, 2009.
[42] S. Berg,M. C. Garcia-Pelayo, B.Mu¨ller et al., “African 2, a clonal
complex of Mycobacterium bovis epidemiologically important
in East Africa,” Journal of Bacteriology, vol. 193, no. 3, pp. 670–
678, 2011.
[43] A. Aranaz, L. De Juan, N. Montero et al., “Bovine tuberculosis
(Mycobacterium bovis) in wildlife in Spain,” Journal of Clinical
Microbiology, vol. 42, no. 6, pp. 2602–2608, 2004.
[44] S. Rodriguez-Campos, A. Aranaz, L. De Juan et al., “Limitations
of spoligotyping and variable-number tandem-repeat typing for
molecular tracing of Mycobacterium bovis in a high-diversity
setting,” Journal of Clinical Microbiology, vol. 49, no. 9, pp. 3361–
3364, 2011.
[45] T. M. Hlokwe, A. O. Jenkins, E. M. Streicher et al., “Molec-
ular characterisation of Mycobacterium bovis isolated from
African buffaloes (Syncerus caffer) in Hluhluwe-iMfolozi Park
in KwaZulu-Natal, South Africa,” Onderstepoort Journal of
Veterinary Research, vol. 78, pp. 39–44, 2011.
[46] J. M. Grange and M. D. Yates, “Zoonotic aspects of Mycobac-
terium bovis infection,”VeterinaryMicrobiology, vol. 40, no. 1-2,
pp. 137–151, 1994.
[47] C. Allix, K. Walravens, C. Saegerman, J. Godfroid, P. Supply,
and M. Fauville-Dufaux, “Evaluation of the epidemiological
relevance of variable-number tandem-repeat genotyping of
Mycobacterium bovis and comparison of the method with
IS6110 restriction fragment length polymorphism analysis and
Veterinary Medicine International 7
spoligotyping,” Journal of Clinical Microbiology, vol. 44, no. 6,
pp. 1951–1962, 2006.
[48] M. Hilty, C. Diguimbaye, E. Schelling, F. Baggi, M. Tanner, and
J. Zinsstag, “Evaluation of the discriminatory power of variable
number tandem repeat (VNTR) typing ofMycobacterium bovis
strains,” Veterinary Microbiology, vol. 109, no. 3-4, pp. 217–222,
2005.
Submit your manuscripts at
http://www.hindawi.com
Veterinary Medicine
Journal of
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
 Veterinary Medicine 
International
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
International Journal of
Microbiology
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Animals
Journal of
Ecology
International Journal of
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Psyche
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Evolutionary Biology
International Journal of
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com
Applied &
Environmental
Soil Science
Volume 2014
Biotechnology 
Research International
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Agronomy
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
International Journal of
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Journal of 
Parasitology Research
Hindawi Publishing Corporation 
http://www.hindawi.com
 International Journal of
Volume 2014
Zoology
Hindawi Publishing Corporation
http://www.hindawi.com
Genomics
International Journal of
Volume 2014
Insects
Journal of
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Viruses
Journal of
Scientifica
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Cell Biology
International Journal of
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Case Reports in 
Veterinary Medicine
